The brittleness of dental amalgam limits its use to sites in which tensile stresses can be kept at a minimum. If the cause for the brittleness could be ascertained, then an approach to correct this problem could be devised.
Physical properties of metals are ultimately manifested in, and can be explained by, their microstructure. Through the work of several researchers,1-3 means of identifying the phases present in the microstructure have been developed. In this study, the etching solutions developed by Schmitt1 and Wing2 were employed. The phases present in amalgam, as shown by these chemical etches, are identified as 'y, yri, and 72. The y phase comprises most of the original particle which remains after the reaction of Hg with the amalgam alloy. The -yp phase is the reaction product of mercury with silver present in the original particle and is identified as Ag2Hg3. This phase forms a matrix about the y phase. Interspersed in this matrix also are small islands of the 72 phase, which is formed by reaction of mercury with the tin contained in the original particle. Copper and zinc are also present, but neither their nature nor In two-phase materials, a strong, rigid material is matched with a weaker, but more ductile, material. The ductile material absorbs the strain energy released when an individual fiber of the brittle material fails and transfers the stresses to the remaining fibers of the brittle phase. This concept indicates that crack propagation in a composite beam consisting of a brittle bar surrounded by a ductile material should be retarded.
The location of the neutral axis of such a beam consisting of two materials can be altered by changing the ratio of the heights of each component of the beam. Simon6 has discussed this matter and has been able to calculate mathematically the location of the neutral axis of a composite beam for any shape of specimen. From his equations, formulas were derived to select a suitable plastic and to estimate the dimensions of the composite beam. The total depth of the beam is found using the formula Pn gamator,t a steel capsule and pestle. Mercury-to-alloy ratios of 8:5 and 6.5:5 were used, and the trituration time was 12 seconds. Excess mercury was expressed using a squeeze cloth and pliers. The beams were packed with a 1-mm.-diameter plugger in a three-piece steel die which produced a small bar with I ' square cross-section and 1"' length. Figure 2 is an exploded-view drawing of the die. Fifteen minutes after the finish of condensation, the beams were removed from the die and allowed to harden for at least 24 hours before being imbedded in plastic.
The beams were potted in a self-curing plastic which was allowed to harden at room temperature for at least 2 days before metallographic polishing. After polishing, the potted beams were cut to form a composite beam of dimensions as shown in Figure 3 , B.
The load was applied slowly to the beam, and it was scanned for evidence of failure, which occurred in about 30 minutes. The first signs of stress were several small unconnected cracks. These occurred in areas other than that in which the major crack appeared. Figure 4 aind 5 with the phases identified.
Results and 1)iscussion I)uring the bending of a beam, the maximum compressive stresses or maxim-numi tensile stresses occur in the outermost fibers. That is to say, stress on the fibers increases as the distance from the neutral axis also increases. Using the technique devised for this study the neutral axis was not in the middle of the amalganis specimen 1t)t instead was about one-fourth of the thickness from the tension edge. Therefore only one-fourth of the amalgam specimen was under tension and the remaining three-fourths under compression. In this mianner, the magnitude of the tensile stress placed on the unialgam speciimemi Was muhi less than that of the compressive stress. The crack originated on the tensile side. F igure 6 is representative of the extent of the initial crack. As the deforimnation was increased, the crack lengthened but usuatlly' became completely> ar-IA. rested about halfway through the amalgam. Another crack originated from the compression side to complete the failure. Figure 7 , 11, shows the start of a (rack in an unetched hean. Figure 8 , _,l shows its continuation andl a second crack which hegan on the compression side ,and worked toward the tension side. Figures 7,3 1and 8 13 show the same areas afi-ter the specimen was etched with the ferr-ic chloride etch. A highermagnificaltion of the start of the c rack is shown in Figure 9 , 21 and 13. phase. Sumnmary A technique for studying the relationship of tensile strength to the microstructure of dental amalgaam has been developed. Application of the concept of two-phase materials allowed the microscopic observation of the path of the cracks induced by bending stresses. In order of the ease of penetration, the crack goes through the voids and 72 phase, through the grain boundaries of the -y1 phase, around the 7y phase, and then through. the -y phase.
The results of this experiment, although not conclusive, indicate that the properties of denttl amalgam may be determined by 
